Introduction
Toxoplasma gondii (T. gondii), an obligate intracellular parasite belonging to phylum Apicomplexa, is a zoonotic protozoan able to infect many warm-blooded animals including humans, resulting in a globally widespread disease known as toxoplasmosis.
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Alzaheb The infection's wide distribution is likely to be due to its complex patterns of transmission and parasite coevolution with multiple hosts. 8 The global seroprevalence of T. gondii is extremely varied (from 1% to 100%), and frequently also shows significant variations within a country, and even between different regional communities. [9] [10] [11] Numerous factors influence these differences, including environmental, socioeconomic, eating and drinking habits, available health care facilities, hygiene and sanitation, host susceptibility, geographical location, and soil humidity. 9, 10, 12 However, to date, the relative effects of each of these factors have not been fully established, except for the fact that they vary from area to area. Therefore, understanding the possible sources of infection in specific communities can support the planning of cost-effective food safety and public health interventions by providing vital information. 10 As far as the author is aware, no previous research study has investigated the overall seroprevalence of T. gondii infection among women in Saudi Arabia, nor has any prior author explored the overall risk factors influencing the infection in this country. The present systematic review and meta-analysis was therefore carried out to establish T. gondii seroprevalence among previously studied samples of Saudi women of reproductive age, and to evaluate the possible risk factors associated with T. gondii seroprevalence in this sector of the population.
Methods
The review searched three electronic databases (PubMed, Science Direct, and Scopus) for studies published between January 2000 and December 2017. Figure 1 shows the search process and explains how the final number of articles included in the review was reached after following the various steps of the process, along with the number of articles at each stage. The searches used the key words "Toxoplasmosis" or "Toxoplasma" or "Toxoplasma gondii" or "T. gondii" and "Saudi Arabia." 
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T. gondii among Saudi women: a systematic review and meta-analysis Studies were eligible for the review if they matched the following criteria: 1) they were cross-sectional in design; 2) they had been performed in mainland Saudi Arabia; 3) their sample constituted healthy female subjects of between 15 and 49 years of age; 4) they used serological diagnostic methods; 5) they provided exact totals and positive numbers; and 6) their sample size was .25 to facilitate statistical calculations. 13 All potentially eligible papers were carefully checked, and their year of publication, first author, study location, total sample size, number of subjects with positive test results (IgG+, IgM+, or both IgG+ and IgM+), and diagnostic methods for T. gondii were gathered using a preset data extraction form. The form also gathered the data from the studies on possible risk factors, including sociodemographic characteristics, behavioral factors, obstetric history, and other maternal factors.
The current review presents two tables showing the extracted data, with Table 1 displaying the papers (listed in alphabetical order by the first author of each study's surname) which reported data on T. gondii seroprevalence among Saudi women of reproductive age, and Table 2 listing the variables the papers identified as risk factors, along with the variables they found not to be associated with T. gondii infection, as well as the number of papers investigating each variable. A forest plot was also generated using the Comprehensive Meta-Analysis software version 3.0 to show the results of the meta-analyses (random-effects model) which provided estimates of prevalence, and the confidence intervals of the papers for the summary measure ( Figure 2 ).
Results
The initial database search resulted in 232 studies, of which 20 were identified as eligible for inclusion in the present review and meta-analysis ( Figure 1 ). These 20 studies are outlined and summarized in Table 1. 14-33 All 20 studies included in the review had cross-sectional designs, and together they tested a total of 13,597 females of childbearing age (ie, between 15 and 49 years) for toxoplasmosis in various regions across Saudi Arabia. The geographical breakdown of the 20 studies was as follows: 6 were carried out in the northern region of Saudi Arabia, 15, 18, 23, 25, 27, 33 4 each were performed in the southern region, 22, 24, 26, 29 and the western region, 17,30-32 and 3 each were performed in the central region 14, 16, 19 and the eastern region. 20, 21, 28 The smallest sample among the 20 studies contained 75 participants, 24 while the largest study recruited 6,076 participants. 27 An analysis of the 20 studies found that they reported prevalences of T. gondii IgG and IgM antibodies among their samples of Saudi women of reproductive age ranging between 8.6% to 51.4%, and 0% to 8.8%, respectively ( Table 1) . The pooled seroprevalence of T. gondii infection among the sampled women based on a random-effects model meta-analysis was 27.8% (95% CI =20.6%-36.3%). Figure 2 contains a forest plot diagram of this analysis. Table 2 displays the variables identified as risk factors alongside those which were not examined but associated with T. gondii infection and presents data on the number of studies which investigated each variable. Among the variables explored by the studies included in the present review (9/20), the following were reported to be risk factors: increasing age (5 of the 9 studies which explored this variable found it to be a risk factor), 14, 18, 20, 22, 26 the consumption of raw or undercooked meat (2/8), 20, 32 living in an urban residence (1/5), 14 living in a rural residence (1/5), 20 a low level of education (1/5), 28 having previously had abortion(s) (1/5), 20 the number of gravida and parities (1/5), 22 dining outside the home (1/4), 28 having had contact with garden soil (1/4), 18 earning a low income (1/2), 20 consuming raw or unwashed vegetable/ fruit (1/2), 25 a lack of knowledge of toxoplasmosis (1/2), 28 having a previous history of toxoplasmosis (1/1), 22 being shorter in height (1/1), 32 a lack of knowledge of the risk of handling raw meat or tasting during cooking (1/1), 28 and a lack of awareness of the risks of consuming undercooked meat (1/1).
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Discussion
From its searches of the three databases, the present review identified 20 eligible articles containing data on T. gondii seroprevalence drawn from a total sample of 13,597 females of childbearing age (ie, between 15 and 49 years) living in various Saudi Arabian regions. To the best of the author's knowledge, this review is the first to have assessed T. gondii seroprevalence in women of reproductive age at the national level in Saudi Arabia, as well as exploring the risk factors linked to the T. gondii infection in the country.
The present study reveals that the overall T. gondii seroprevalence between 2000 and 2017 among Saudi women of reproductive age was 27.8% (95% CI =20.6%-36.3%). Perhaps surprisingly, this prevalence is lower than the rates previously reported in some neighboring countries; for instance, a recent meta-analysis of 83 Iranian studies from 1994 to 2017 reported a seroprevalence of anti-T. gondii antibodies among pregnant Iranian women and women of childbearing age of 43% (95% CI =38%-48%) and 33% 
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T. gondii among Saudi women: a systematic review and meta-analysis (95% CI =23%-43%) respectively. 34 Similarly, several prior studies in other countries across the Middle Eastern region reported higher rates of T. gondii seroprevalence in pregnant women and/or those of childbearing age -including 45.7% in Kuwait, 35 47.1% in Jordan, 36 49.2% in Iraq, 37 52.6% in Turkey, 38 and 72.6% in Egypt. 39 This apparently significant variation in T. gondii seroprevalence between Saudi Arabia and nearby countries may be due to the different contexts and impacts of various potential risk factors in these countries, such as the local climatic conditions, nutritional behavior, residence locations, and levels of close contact with animals, particularly cats. 15, 39, 40 For example, none of the studies included in this paper associated T. gondii infection with participants' level of contact with cats, 14, 17, 18, 25, 32 cat ownership status, 22, 25, 28, 32 drinking of untreated water, 17, 18, 20, 25, 32 or drinking of unpasteurized milk. 18, 22, 25, 32 However, these factors have previously been reported as significant by studies in countries near Saudi Arabia: a recent meta-analysis of 83 Iranian studies reported a significant association among the sampled women for T. gondii seroprevalence and cat contact. 34 Similar conclusions have also been reached in other Arab and African countries. 41 Toxoplasma prevalence also depends on other identified and documented risk factors (ie, residence location, education level, family income, and the consumption of undercooked meat and unwashed vegetables/fruit). 34, 42, 43 However, the majority of the studies reviewed here did not report a significant association between T. gondii seroprevalence and these risk factors. This does not imply that none of the factors had an influence on toxoplasmosis transmission, but it may indicate that they only have a limited impact in the region, probably because of the dominant local religious beliefs and culture. 17, 26 Taking the example of undercooked meat as a 
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T. gondii among Saudi women: a systematic review and meta-analysis main source of the infection, 34 this eventuality is very rare in Saudi Arabia due to the country's culture and religion. 17 It should also be noted that although a single one of these factors in isolation may have little effect on the epidemiological status of Toxoplasma infection, when combined together they have the power to shape the global distribution patterns of the disease. 42 The age of the participants was the variable most frequently examined by the studies in this review, having been included in nine studies and found to be significant by five of them. 14, 18, 20, 22, 26 These studies reported a higher seropositivity rate among older age groups than in younger ones. A recent review of studies exploring seroepidemiology and T. gondii's potential risk factors in various Arab and African contexts reached similar conclusions regarding the seroprevalence of T. gondii being significantly associated with a woman's age. 41 For instance, Mwambe et al 44 reported that a woman's risk of T. gondii infection increases by 7% with each additional year of age. The possible reasons for this remain unclear and require further exploration, but previous authors have suggested that it may be due to more prolonged exposure to the identified risk factors, transmission routes, and the generally low public awareness of preventive methods. 34 The present review inevitably contains some limitations which should be discussed. First, only a limited number of studies exploring seroprevalence were available, and there was a notable lack of studies in certain important areas of the country. Second, the seroprevalence data included in the reviewed studies were drawn from limited samples of participants which may not necessarily have represented national seroprevalence rates. Third, the reviewed studies deployed a variety of diagnostic methods which featured a range of sensitivities and specificities, and they used different cutoff levels in defining positive results. Fourth, most of the papers omitted to evaluate at least some of the risk factors. Fifth, the information validity of many of the studies in relation to their reported variables may be called into question due to their high risk of measurement error and recall bias. Finally, all the reviewed studies deployed cross-sectional research designs, which means that it is not possible to draw conclusions on any causal relationships between the risk factors they identified and T. gondii infection.
Conclusion
The present study represents the first comprehensive systematic review and meta-analysis of T. gondii infection and its associated risk factors among samples of Saudi women of reproductive age. The review reports a pooled seroprevalence of T. gondii infection of 27.8% across the samples of women studied in the 20 prior papers. A positive association was identified between the seroprevalence of T. gondii and women's ages. The high seroprevalence of T. gondii infection reported here reveals an urgent need to improve awareness of toxoplasmosis among the public, especially in relation to the ways in which it can be contracted, so that women understand how to protect themselves from this parasitic infection. However, further research is still required to support the development of more cost-effective preventive strategies.
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